The short-term prognosis of acutely ill patients with cirrhosis is influenced by the degree of hepatic insufficiency and by dysfunction of extrahepatic organ systems. The purpose of this study was to assess and compare the prognostic accuracy of the Child-Pugh classification, the Acute Physiology and Chronic Health Evaluation (APACHE) II system and the Sequential Organ Failure Assessment (SOFA) for predicting hospital mortality in patients with cirrhosis when used 24 hours after admission to a medical intensive care unit (ICU). Prospective data were recorded on 143 patients. Cumulative mortality rates were 36% in the ICU, 46% in the hospital, and 56% at 6-month follow-up. By using the area under receiver operating characteristic (AUROC) curves, the SOFA showed an excellent discriminative power (AU-ROC 0.94), which was clearly superior to the APACHE II (AUROC 0.79) and the Child-Pugh system (AUROC 0.74). Hospital mortality rates below and above a cutoff of 8 SOFA points were 4% and 88%, respectively (P < .0005). The SOFA score also reflected resource use during the ICU treatment as measured by daily workload and length of stay. The SOFA is an easily applied tool with excellent prognostic abilities and can be used to enhance clinical judgment of prognosis as well as providing patients and families with objective information. (HEPATOLOGY 2001;34:255-261.) 
Chronic liver disease, including cirrhosis, was the tenth most frequent cause of death in the United States in 1996. 1 Because end-stage liver disease is characterized by episodes of liver decompensation and gastrointestinal hemorrhage, treatment in the intensive care unit (ICU) is often needed in the management of these complications. In patients with cirrhosis who develop extrahepatic organ failure, hospital mortality rates of 63% to 100% have been reported. [2] [3] [4] [5] [6] [7] For ethical reasons but also because of limited resources and growing questions about the efficacy of intensive care treatment, physicians need early and reliable outcome predictors to identify cases in which aggressive treatment for cure or potential liver transplantation is merited, as well as those in which such care is likely to be futile. 8, 9 The Child-Turcotte classification, and its subsequent modification by Pugh, 10 is one of the most commonly used clinical instruments to risk-stratify cirrhotic patients. 11, 12 The Acute Physiology and Chronic Health Evaluation (APACHE) II, 13 a physiologically based prognostic system, is a widely used severity-of-illness scale to predict hospital mortality in all ICU patients. More recently the Sequential Organ Failure Assessment (SOFA) 14 has been developed and validated. Although originally an instrument to classify various degrees of organ dysfunction it has been shown that high SOFA scores for any individual organ are associated with increased mortality. 15, 16 We analyzed and compared the prognostic accuracy of these 3 scoring systems in predicting hospital mortality of cirrhotic patients when scores were measured 24 hours after admission to a medical ICU.
PATIENTS AND METHODS
This study was performed in a 12-bed noncoronary medical ICU of a university hospital between October 1996 and December 1998. A total of 143 consecutive patients with hepatic cirrhosis requiring intensive monitoring and/or treatment that could not be provided outside of the ICU were enrolled. Eight cirrhotic patients with known end-stage cancer unresponsive to therapy were not admitted to the ICU. Readmissions were also excluded.
Prospectively collected data included demographics, reason for ICU admission, acute diagnosis, presence of comorbid disease, severity of illness, organ function, therapeutic activity on all ICU days, and length of ICU and hospital stay. Comorbid illnesses were classified using the Charlson comorbidity index, which assigns weights for 19 major comorbid conditions affecting the patientЈs prognosis. 17 The severity of liver disease on ICU admission was graded by the Child-Pugh system. 10 The severity of illness was assessed by the APACHE II system after the first 24 hours of ICU admission. The APACHE II system is based on age, chronic health status, and acute physiology score; the variables included in the acute physiology scoring are mean arterial pressure, temperature, respiratory rate, heart rate, Glasgow Coma Score, hematocrit, white blood cell count, serum sodium, serum potassium, serum creatinine, serum bicarbonate or arterial pH, and arterial oxygen tension or alveolar-arterial oxygen tension gradient (Appendix Table) . 13 Organ function was evaluated by the SOFA. 14 The SOFA is composed of scores from 6 organ systems (respiratory, cardiovascular, hepatic, renal, coagulation, and neurologic) graded from 0 to 4 points according to normal function or the degree of dysfunction (Table 1 ). In the first 24-hour period of ICU admission the most abnormal value for each of the 6 organ systems was recorded, and points were assigned for each organ system. The SOFA score presents the sum of all 6 organ system points. Organ failure was defined by a SOFA score of 3 or more points for the respective organ system. 15 Therapeutic activity was determined by the Therapeutic Intervention Scoring System (TISS), a weighted score that quantitates the use of 76 diagnostic, therapeutic, and monitoring procedures commonly performed in the ICU. 18 The principal study outcome was hospital mortality rate. Follow-up 6 months after hospital discharge was performed by telephone interview. If necessary, the registry office provided information as to patient survival or date of death. The diagnosis of hepatic cirrhosis was made histologically (n ϭ 37) or by clinical evaluation (n ϭ 106). The clincal diagnosis of cirrhosis was made by a history of portal hypertension excluding other etiologies, impaired liver function tests and clotting profile, and ultrasound or computer tomography criteria. 19 The Glasgow Coma Scale as the neurologic component of the APACHE II and SOFA was scored conservatively (for sedated patients normal function is assumed unless there is evidence for intrinsically altered neurologic function). The criteria for diagnosing severe sepsis were as previously defined. 20 The Institutional Ethics Committee approved the study and because of the observational nature of the study waived the need for informed consent.
Statistical Methods. Descriptive statistics are expressed as mean Ϯ SD unless otherwise stated. The primary analysis compared hospital survivors with nonsurvivors. All variables were tested for normal distribution by the Kolmogorov-Smirnov test. StudentЈs t test was used for comparison of the means of continuous variables and normally distributed data. Mann-Whitney U test was used otherwise. Categorical data were tested using the 2 statistic. Sensitivity, specificity, overall correctness, and positive and negative predictive values were determined for the ChildPugh, APACHE II, and SOFA scores. Cutoff points giving the best Youden index (sensitivity ϩ specificity Ϫ 1) were calculated. 21 Survival percentages of patients dichotomized by the SOFA score with the best Youden index were described by the Kaplan-Meier method. 22 The ability of the scoring systems to discriminate between hospital survivors and nonsurvivors was assessed by using the area under the receiver operating characteristic (AUROC) curve. 23 The effect of the various organ systems as assessed by SOFA after the first 24 hours on the risk of hospital death was evaluated using a Cox proportional hazards nonstepwise regression analysis. 24 Resource use among patients with different numbers of organ system failures was studied by examining the median TISS score of all ICU days and ICU length of stay with the Kruskal-Wallis test. All statistical tests were 2-tailed, and a significance level of P ϭ .05 or less was used. Data were analyzed using SPSS for Windows 10 (SPSS Inc., Chicago, IL).
RESULTS
A total of 143 patients with hepatic cirrhosis were enrolled in the study. Fifty-two percent of the patients were admitted from the ward, 38% from the emergency room, and 10% from other hospitals. Demographic and clinical characteristics of the study patients are shown in Table 2 . The median age was 53 years, 62% were men, and all patients were white. Liver disease was most commonly attributed to alcohol abuse, and most patients had 2 or more other comorbid conditions. The most common reason for ICU admission was upper gastrointestinal bleeding (42%) ( Table 3) . Management of the patients was time consuming and resource intensive ( Table 2) . Seventy-four (52%) patients needed mechanical ventilation (25% hospital survivors vs. 83% nonsurvivors, P Ͻ .0005), 70 (49%) were treated with vasopressors (22% vs. 80%, P Ͻ .0005), and 32 (22%) required renal replacement therapy (8% vs. 40%, P Ͻ .0005). During the ICU stay 187 endoscopic procedures (66% gastrointestinal) were performed and transfusion requirements were high (total 2,450 units of blood products).
Follow-up to 180 days or time of death was complete for the entire cohort. The cumulative incidence of death was 36% in the ICU, 46% in the hospital, and 56% at 6 months. During the first 24 hours of ICU admission 67% of the patients presented with 1 or more organ system failures. The number of organ systems failing was significantly related to hospital mortality, with mortality rates ranging from 6.4% in patients without any organ system failure to 96.7% in patients with 3 or more organ system failures ( Fig. 1) .
To evaluate to what extent the applied scoring systems were valid for prediction of hospital mortality; the sensitivity, spec- *Adrenergic agents administered for at least 1 hour (doses are given in g/kg/min).
Reprinted with permission. 14 ificity, overall correctness of prediction, and positive and negative predictive values were all determined. Table 4 shows these data calculated at the cutoff point giving the best Youden index. The best Youden index and highest overall correctness of prediction was found for the SOFA score. ICU and hospital mortality rates below and above a cutoff of 8 SOFA points were 3% and 71%, and 4% and 88%, respectively (P Ͻ .0005 for both). Figure 2 shows the cumulative rates of survival during hospitalization for the study group dichotomized by a cutoff of 8 SOFA points.
Receiver operating characteristic curves were used to evaluate the discriminative power of the scores. The SOFA score calculated 24 hours after ICU admission was found to be the most reliable scoring system to discriminate between hospital survivors and nonsurvivors (AUROC 0.947, SE 0.02, 95% confidence interval [95% CI] 0.91-0.987) ( 0.87) and Child-Pugh score (AUROC 0.73, SE 0.04, 95% CI 0.64-0.82).
To evaluate the relative contribution to hospital outcome of each of the 6 organ systems comprising the SOFA, a Cox proportional hazards analysis was performed. The exponent of the estimated coefficient ␤ for each organ represents the factor by which the relative risk of hospital death changes when the score for that particular organ increases 1 point. This analysis showed that SOFA scores for the cardiovascular, neurologic, renal, and hepatic system were significantly related to the risk of hospital death (Table 5) . Results remained unchanged when ICU mortality was used as the dependent variable.
Resource use, as measured by median TISS of all ICU days and median length of ICU stay, was directly proportional to the number of organ failures assessed by the SOFA (Table 6 ). The total SOFA after the first 24 hours showed a good correlation with median TISS of all ICU days (Pearson's r ϭ 0.7, P ϭ .01). Moreover, because of the declining survival with the increasing number of organ failures the mean cumulative TISS points for patients discharged alive increased 94-fold from 136 TISS points for patients with no organ failure to 12,775 TISS points for patients with 3 or more organ failures.
DISCUSSION
In this study we have shown that the SOFA is an excellent prognostic system for predicting in-hospital mortality in critically ill cirrhotic patients. The overall predictive accuracy of the SOFA was 15% and 17% greater than that of the APACHE II and Child-Pugh systems, respectively.
Several past studies analyzed the predictive abilities of prognostic systems on the short-term mortality of cirrhotic patients. Zimmerman et al. 5 showed that the APACHE III system accurately risk stratifies critically ill cirrhotic patients requiring mechanical ventilation. Zauner et al. 25 retrospectively compared the prognostic abilities of liver-specific and general scoring systems in 198 ICU patients with cirrhosis. They found that the APACHE III system was the most accurate prognostic system (AUROC at admission 0.78, after 48 hours 0.8) and that a cutoff point of 80 had an overall correct prediction of 70%. 25 The prognostic value of the APACHE II system (AUROC at admission 0.69, after 48 hours 0.78) was as good as the liver-specific scoring systems (i. model, which included renal insufficiency, Glasgow Coma Score, ventilatory insufficiency, age 65 years, and prolonged prothrombin time, that had a AUROC of 0.76 and 0.74 for death at 30 and 180 days, respectively. 26 Butt et al. 27 prospectively compared the prognostic accuracy of the Child-Pugh and the APACHE III systems in predicting hospital mortality in 282 general ward patients with cirrhosis. The overall correctness of prediction values were 75% and 67% for the APACHE III and Child-Pugh systems, respectively. Afessa and Kubilis 28 compared the prognostic performances of APACHE II and Child-Pugh score in 111 cirrhotic patients hospitalized for upper gastrointestinal bleeding and did not find significant differences between the 2 scoring systems (APACHE II AUROC at admission 0.78; Child-Pugh 0.76). Recently Zauner et al. 7 developed a new scoring system for predicting hospital mortality in critically ill cirrhotic patients. Their Intensive Care Cirrhosis Outcome score is based on a multiple logistic regression analysis including bilirubin, cholesterol, creatinine clearance, and lactate. In a study group of 70 cirrhotic patients the Intensive Care Cirrhosis Outcome score showed a high discriminative ability in predicting hospital mortality (AU-ROC 0.90) and had an overall correctness of prediction of 83%. 7 The predictive accuracies we found for the APACHE II and Child-Pugh systems in our sample compare well with data reported by Zauner et al. 25 and Afessa and Kubilis. 27 The discriminatory power of the SOFA score seems to be superior to previously evaluated prognostic systems in cirrhotic patients.
The SOFA score also reflected resource use during the ICU treatment as measured by daily TISS and ICU length of stay. Resource use increased tremendously with growing organ dysfunction, and intense therapy was not associated with improved outcome. Similar findings were noted by Cooper et al. in their group of patients with decompensated end-stage liver disease. 26 For any predictive model to be clinically useful, it must show ease of use, accuracy, acceptance by the data collecting staff, and reproducibility. 29 The SOFA system has already been used sucessfully in large numbers of critically ill patients. 15, 16, 30, 31 The variables needed to record the SOFA are derived from standard monitoring of critically ill patients and calculation at the bedside takes 3 minutes. 31 Although the SOFA was not developed to predict outcome but to describe the degree of organ dysfunction in critically ill patients, several recent studies showed its predictive ability not only in patients with sepsis but also in trauma patients and in medical cardiovascular patients. 14, 15, 30, 31 However, there are some limitations of the SOFA that should be addressed. Serum bilirubin as the descriptor of liver function lacks specificity, it has limited ability to reflect the full spectrum of liver dysfunction in critical illness and cannot differentiate acute liver dysfunction from the effects of preexisting chronic disease. 32 The Glasgow Coma Scale as the variable reflecting neurologic dysfunction also has shortcomings. Its clinical evaluation is subject to expectation bias and random error and it is affected by sedative and analgesic drugs frequently used in critically ill patients. Nevertheless, besides the cardiovascular and renal organ systems, the hepatic and neurologic systems of the SOFA were also associated with an increased risk of death. These findings are in agreement with those of previous studies on the SOFA, which implicated the cardiovascular, the neurologic, and the renal systems in increasing the risk of death. 15, 16, 31 In these investigations no effect of the hepatic system was noted, but only a minority of their study patients had severe hyperbilirubinemia during the first ICU day. Interestingly, several recent studies analyzing the effect of different organ systems on outcome find no 15, 31, 33 or little effect (risk ratio 1.17) 16 associated with pulmonary dysfunction. Maybe this finding is related to improvements in respiratory support and the observation that refractory hypoxemia is an unusual cause of death. 33, 34 Potential limitations of our study should also be mentioned. First, it was performed at an academic referral hospital, therefore our results may not be applicable to institutions with different patient populations. Second, it should be noted, that we tested the prognostic instruments in patients already admitted to intensive care and not as a preadmission screening tool. 8 Finally, we would like to stress that all prognostic systems are not readily applicable to individual patients because of the fact that scoring systems are developed to predict group outcomes. 35 In conclusion, our data show that the discriminatory power of the SOFA to predict short-term mortality in critically ill patients with cirrhosis is clearly superior to the APACHE II and Child-Pugh systems. SOFA also seems to be superior to previously evaluated prognostic systems. Prognostic scoring systems cannot replace the clinical evaluation of the patient, which includes an appreciation not only of the overall prognosis but also of the patientЈs views. However, we believe that the SOFA may improve the phy- 
ᮀ C Chronic Health Points
If the patient has a history of severe organ system insufficiency or is immunocompromised assign points as follows: (a) for nonoperative or emergency postoperative patients, 5 points; (b) for elective postoperative patients, 2 points.
Definitions
Organ insufficiency or an immunocompromised state must have been evident prior to this hospital admission and conform to the following criteria: Liver: Biopsy-proven and documented portal hypertension; episodes of past upper GI bleeding attributed to portal hypertension; or prior episodes of hepatic failure/encephalopathy/coma. Cardiovascular: New York Heart Association Class IV. Respiratory: Chronic restrictive, obstructive, or vascular disease resulting in severe exercise restriction, i.e., unable to climb stairs or perform household duties; or documented chronic hypoxia, hypercapnia, secondary polycythemia, severe pulmonary hypertension (Ͼ40 mm Hg), respirator dependency. Renal: Receiving chronic dialysis Immunocompromised: The patient has received therapy that suppresses resistance to infection, e.g., immunosuppression, chemotherapy, radiation, longterm or recent high-dose steroids, or has a disease that is sufficiently advanced to suppress resistance to infection, e.g., leukemia, lymphoma, AIDS.
APACHE II Score ϭ Sum of ᮀ A ؉ ᮀ B ؉ ᮀ C ᮀ A APS points ᮀ B Age points ᮀ C Chronic health points Abbreviations: AaDO 2 , alveolar-arterial oxygen tension gradient; PaO 2 , arterial oxygen tension; FiO 2 , fractional inspired oxygen; APS, acute physiology score; ABG, arterial blood gas; GI, gastrointestinal; AIDS, acquired immunodeficiency syndrome.
Reprinted with permission. 13 sician's estimate of prognosis and, therefore be useful in clinical decision making aimed at using medical resources appropriately as well as providing patients and families with objective information.
